Information on the burden of disease is essential in order to implement evidence-based public health policy. A methodology for the estimation of the burden of disease proposed by Murray et al. (1997a, b) takes into account the mortality, incidence (and/or prevalence) and sequelae associated with a disease, and expressed the burden in disability-adjusted life years (DALYs). Using DALYs, it is possible to compare the burden of a specific disease with that of other (infectious) diseases.
Congenital toxoplasmosis occurs when a woman is primarily infected with Toxoplasma during pregnancy. The parasite enters the foetal circulation by infection of the placenta. Infants born from mothers who acquire their infection in the first and second trimester more frequently show severe symptoms of congenital toxoplasmosis, or the infection may cause abortion/stillbirth. In contrast, the majority of children born to women who acquire their infection during the third trimester are born with the subclinical form of the infection (Dunn 1999 , Gras 2005 .
The incidence of a disease is of great importance in calculating DALYs. Data that were available in the Netherlands for congenital toxoplasmosis were old and biased. They were obtained from a well-informed study population in one region of the Netherlands in 1987. The seroprevalence in the Netherlands has since then decreased considerably, as it has in the rest of Europe, and there are differences between geographical regions (Kortbeek 2004 ).
To increase the reliability of our data set, we performed a study in neonates using dried blood spot cards. These cards became available after one year, but only for anonymous scientific research. Approximately 181,000-206,000 babies are born alive each year in the Netherlands (Statistics Netherlands:www.cbs.nl). The estimated incidence derived from this study was used to recalculate the burden of disease as described by Havelaar et al. (2007) . Havelaar et al. estimated the baseline disease burden of toxoplasmosis in the Netherlands at 620 DALYs, which is similar to the disease burden of salmonellosis and is mainly attributable to foetal loss and chorioretinitis.
SUBJECTS, MATERIALS AND METHODS
The different outcomes of infectious diseases can be combined into one single measure, the DALY, following the methodology proposed by Murray et al. (1997a, b) : DALY = YLL + YLD. YLL is the number of years of life lost due to mortality and YLD is the number of years lived with a disability, weighted by a factor between 0-1 for the severity of the disability. The YLL due to a specific disease in a specified population are calculated by the summation of all fatal cases (d) due to the health outcomes (l) of that specific disease, with each case multiplied by the expected individual life span (e) at the age of death. Thus:
The YLD are calculated by the summation over all cases (n) and all health outcomes (l) of the product of the duration of the illness (t) and the severity weight (w) of a specific disease:
The burden of disease attributable to one agent is obtained by cumulating the impact of all health outcomes associated with this agent.
The health outcomes following a congenital Toxoplasma gondii infection were defined using an outcome tree. The disease burden is defined as the present expected sum of current and future DALYs resulting from all incident cases of disease in a specific time period, taking into account lifetime probabilities of transiting to each disease state. To estimate the incidence of the different health outcomes due to congenital toxoplasmosis, relevant studies in the literature were reviewed and the results were weighted for study size and pooled as previously described (Havelaar et al. 2007) . Estimates on the duration of the adverse health outcomes were preferably derived from Dutch studies, but were supplemented as necessary with international studies. The expected life span of fatal cases occurring in 2004 was extracted from standard life tables as reported by Statistics Netherlands. Visual impairment occurs only in a fraction of children with chorioretinitis. The data from France and the United States published by Kodjikian et al. (2006) and Mets et al. (1996) , respectively, were used as the low and high estimates; the most likely value was defined as the midpoint. To account for uncertainty, low values, most likely values and high values were used for the parameters.
The outcome tree consisted of the clinical manifestations of congenital toxoplasmosis: chorioretinitis, intracranial calcification, hydrocephalus, central nervous system (CNS) abnormalities and foetal death. Infants with sub-clinical infection in the first year of life may develop clinical signs and deficiencies later in life (mostly affecting the eyes) (Koppe et al. 1986 , Binquet et al. 2003 .
Study of the incidence of congenital toxoplasmosis in the Netherlands in 2006 -
A random sample of 10,008 dried blood spot (DBS) cards was selected from children born in 2006, as described elsewhere in detail (A Hofhuis, unpublished observations). In short, an equal number of DBS cards was selected every other month starting in January 2006. The number of selected DBS cards varied between provinces of the Netherlands, as the sample size was weighted for the number of newborns within each province in 2006. For the cities of Amsterdam and Rotterdam, separate samples were collected. The DBS cards were tested anonymously and it was not possible to get information about the clinical situation of the children.
Eluates from the DBS cards were analysed and IgM antibodies were detected using the Wallac AutoDELFIA Neonatal Toxoplasma Screening kit. DBS cards with Toxoplasma-specific IgM antibodies above the cut-off (4 IU) in the screening analysis were confirmed by a modified IgM immunosorbent agglutination assay (ISAGA; BioMérieux, France) for Toxoplasma-specific IgM antibodies. The sensitivity and specificity of the methods used can be calculated from the results of the screening program in Denmark, in which the same methods were used and a specificity of 99.9% and sensitivity of 77% were reported (Lebech et al. 1999 , Schmidt et al. 2006 . For all samples that tested positive in the ISAGA assay, and for a random selection of 103 samples that tested negative, additional information was collected on the date of birth, date of heel puncture, birth weight, duration of pregnancy and degree of urbanisation.
The DALYs calculated for congenital toxoplasmosis were compared to the DALYs attributable to the foodborne agent Campylobacter spp., as reported by Mangen and Havelaar et al. (2005) . To be able to compare the old Toxoplasma data from 1987-1988 to the new data, we needed to estimate the number of seronegative women in 2004.
Estimation of the number of seronegative womenWe used previously described methods (Havelaar et al. 2007) . In short, the Toxoplasma Intervention Prevention (TIP) study was a prospective cohort study that started in 1987 and included 28,000 pregnant women in the SouthWest region of the Netherlands (Conyn 1991). Of 28,000 women, 15,170 (54%) were seronegative and 12 newborn children had a congenital infection. Hence, the estimated incidence rate of congenital toxoplasmosis in 1987-1988 was 8.1 (4.7-12) per 10,000 live births from women who were seronegative at the start of their pregnancy.
The Pienter project was a cross-sectional seroprevalence study carried out in the Netherlands in 1996. In the childbearing age range of 15-50 years, the observed seroprevalence for toxoplasmosis increases linearly with age at a rate of 1.42% (90% CI = 1.21-1.63%) per year. By combining the age-specific seroprevalence rates from the Pienter study with the age distribution of pregnant women, we estimated that in 2004, approximately 129,000 (67%, 90% CI = 61-72%) pregnant women were seronegative, hence at risk of transmitting toxoplasmosis to their unborn child.
Using the incidence rate of congenital toxoplasmosis of 0.81 per 1,000 live births from seronegative mothers, an incidence of 0.54 per 1,000 live births was calculated for the Netherlands in 2004.
RESULTS
Incidence of congenital toxoplasmosis -Thirty-two out of 10,008 samples were found to be positive in the Wallac IgM screen test and 18 of these 32 tested positive for Toxoplasma-specific IgM in the ISAGA assay, resulting in a birth incidence of 1.8 per 1,000 live-born children (95% CI = 1.1-2.8) in 2006 in the Netherlands. The incidence of congenital toxoplasmosis was not homogeneously spread throughout the country, as it appeared to be higher in the South-West than in the North-East of the Netherlands. No positive cases were detected in the North-East. Due to the sample size, the confidence intervals were too wide to show a statistically significant difference.
Using a specificity of 99.9% and sensitivity of 77%, the true prevalence of congenital toxoplasmosis in the Netherlands was calculated to be two cases per 1,000 liveborn children. In 2004, there were 194,000 live births in the Netherlands, which means that 388 children were born with congenital toxoplasmosis (95% CI = 213-543).
Incidence of health outcomes -We used data from the literature to estimate the frequency of foetal losses. The maximum estimate used was 4% (Gratzl et al. 1998 , Foulon et al. 1999 , Binquet et al. 2003 . Our most likely estimate is based on data collected by AFSSA, which estimated that, in France, 47 foetal losses due to toxoplasmosis occur every year among 2,676 (1.7%) sero-converting mothers (Derouin et al. 2005) . The minimum estimate was based on PALGA, the nationwide network and registry of histo and cytopatholgy in the Netherlands, which recorded an average 3 (1-10) foetal losses due to toxoplasmosis every year (Hofhuis et al. 2007) .
The other health effects at birth from congenital toxoplasmosis for which the distribution was derived from the literature were: chorioretinitis, 13% (12-15%); intracranial calcification, 11% (8-12%); hydrocephalus, 2% (1-3%); CNS abnormalities, 3% (1-6%); and neonatal death, 0.7% (0.4-1.2%) (Havelaar et al. 2007 ).
The most likely estimate for the probability of developing chorioretinitis later in life was based on the relatively large studies by Binquet et al. 2003 and Gras et al. 2005 . In these studies, follow-up was performed up to 14 and 10 years, respectively, yielding a risk of developing chorioretinitis later in life of 2% per year. The reported rate in other studies varied between 1-3%, which we applied as low and high estimates. Based on the study by Koppe et al. 1986 , we assumed that the period in which children might develop chorioretinitis was at least 20 years. We used this time frame as our most likely estimate as well as our low estimate. As a high estimate, we arbitrarily doubled the period of risk to 40 years. The duration of the disorder is the life expectancy of the general population minus the mean age at which chorioretinitis develops (79 -10 = 69 years) (Table) .
Calculation of the DALYs -To calculate the burden of disease, an incidence of 388 cases per year was used as the most likely estimate. The low and high estimates were obtained from the lower limit (1.1 case per 1,000, i.e. 213 cases) and upper limit (2.8 cases per 1,000, i.e. 543 cases) of the 95% confidence interval, respectively.
The most likely burden of disease is 2,303 DALYs, with a range of 818-6,713 DALYs. In the previous calculations using the incidence from the TIP study, the estimate obtained was 620 DALYs (range 220-1,900). We compared the most likely burden of disease for congenital toxoplasmosis to the burden of Campylobacter as reported by Mangen et al. 2005 . This comparison showed that, in this new calculation, Toxoplasma (Toxoplasma new data) has a greater burden than Campylobacter (1,200 DALYs, 95% CI = 900-1,600); the DALYs obtained in the new calculation were more than three times higher than the estimate using the old data (Toxoplasma old data). Campylobacter is generally considered to be the most important food-borne pathogen (Figure) .
DISCUSSION
The goal of this study was to make it possible to compare the burden of disease of different (food-borne) pathogens with more accurate data. This information is essential for evidence-based public health policy. The incidence of congenital toxoplasmosis in the Netherlands was two per 1,000 live births, which is almost four times higher than the incidence found in the previous study performed 20 years earlier (TIP study 1987 (TIP study -1988 . However, the study population in the 1987-1988 study was very well informed about the risk of congenital toxoplasmosis and a blood sample was taken from the pregnant women every three months. The study combined prevention with estimation of the incidence. The mothers in the present study received no specific information other than the normal leaflets for pregnant women. The disease burden in DALYs found in this study even exceeds the number that was calculated using the estimated incidence from the Pienter-study [1,200 DALYs per year (range 440-3,400)].
In this pilot study, major limitations were encountered due to the anonymous sampling and lack of information on the true positivity of the children. The calculation of the DALYs was partly limited because data on intra-uterine and perinatal mortality and information on the incidence and severity of complications and chronic sequelae were not available. The data on untreated children are very scarce and only available from small patient populations in a different timeframe (Koppe et al. 1986 ). Toxoplasmosis is not a reportable disease in the Neth- erlands and there are no data available on the incidence of symptoms in different surveillance systems that can be used (Hofhuis & Kortbeek 2006) . We used European data as an alternative to national data. Data from Brazil were not used because the disease tends to be more often symptomatic at birth and ocular symptoms occur early in life in this region (Gilbert et al. 2008 ).
The incidence of congenital toxoplasmosis in the Netherlands is much higher than previously reported, with two infected children per 1,000 live births. This is 10 times higher than in Denmark (Schmidt et al. 2006 ) and 20 times higher than in Ireland (1 per 10,000) (P Mayne, personal communication), based on estimates obtained using the same methods. There is no screening program in the Netherlands and most children will be born asymptomatic and therefore will not be detected or treated.
Recalculation of the DALYs attributable to toxoplasmosis indicates that the burden of disease of congenital toxoplasmosis in the Netherlands is high; if combined with acquired toxoplasmosis, this burden will be even higher, indicating the importance of Toxoplasma as a food-borne pathogen.
